Flow cytometry (FC) is a well-established technique that has revolutionized cell diagnostics in vitro.
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The main goal of our work has been to overcome these problems by developing a photoacoustic (PA) technique using laser radiation in the visible and near-IR for label-free detection of circulating cells in both blood and lymph flows. [4] [5] [6] This technology also demonstrated a potentially nontoxic method of cell labeling using self-assembled nanoclusters 7 of gold nanorods, carbon nanotubes, and other photothermal (PT) contrast agents with strong near-IR absorption and efficient transformation of laser energy into heat and accompanying effects. The underlying principle of photoacoustic flow cytometry (PAFC) is the irradiation of individual cells in blood and lymph flow with one or a few focused laser beams operating at different wavelengths, then using an ultrasound transducer attached to the skin to record laser-induced acoustic waves (see Figure  1) . We first performed a feasibility study in vitro, 4 and then in vivo with a nude-mouse-ear model with well-developed clearly distinguishable blood vessels. We used an optical parametric oscillator with nanosecond pulses and a tunable wavelength (415-2300nm) to generate PA signals from single cells. We operated the light source mostly in the near-IR range (700-920nm) because it offers maximum penetration of light into most biotissues enhanced with an optical clearing agent (see Figure 2) . To verify reliability and make this new system more universal, we integrated the PAFC system with the following: two-beam PT flow cytometry in vivo; 3, 4 fluorescence image cytometry, 4 which complements PAFC; and both light-scattering and speckle-flow cytometry. 8 This integrated system provides label-free highlysensitive selective spectral detection of individual cells without causing photo-induced damage. It can sense cells with different natural absorption properties, including erythrocytes, leukocytes, and cancer cells such as leukemia and melanoma. Integrated signals are also highly sensitive to the cellular functional state (e.g., apoptosis or necrosis) and to the cellular response to environmental and therapeutic interventions (e.g., drugs or radiation). PAFC was also applied for routine monitoring of circulating nanoparticles (gold nanorods, nanoshells, carbon nanotubes), dyes (indocyanine green), and cells labeled with conventional dyes and gold nanorods that have a maximum absorption around 840nm. At this wavelength, the significant contrast between PA signals from cancer cells labeled with nanorods compared to PA signals from surrounding erythrocytes in blood flow allowed us to study the survival rate of circulating can- cer cells in different functional states. For example, the half-life in circulation of live, dead, and apoptotic squamous carcinoma cells ranged from 1-1.5h, a few minutes, and 10-20min, respectively (see Figure 3) .
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Integrated flow cytometry with several channels provides the unique ability to rapidly detect cells and nanoparticles simultaneously in different blood and lymph vessels. It also allows detection of their accumulation in lymph nodes, the liver, and tumors. Furthermore, if we target cells with two sizes of nanorods, with absorption maxima near 700nm and 900nm, we can use spectral selection to simultaneously monitor apoptotic and necrotic cells. This sort of monitoring is important for fundamental studies of cell death in vivo and for the early diagnosis of diseases (e.g., Alzheimer's), or disease prevention (e.g., heart attacks). PAFC will help fill an existing gap in our knowledge of lymphatic function by focusing on transport proteins and cells for lymph-related diseases and cancer metastases within one of the typical pathways. These include the pathway from blood microvessels to tissue interstitium to the initial lymphatic and then afferent lymphatic, from there to the regional lymph node and on to the postnodal lymphatics.
In general, these studies have demonstrated, for the first time, high-sensitivity, time-resolved, noninvasive, quantitative realtime PA diagnostics of circulating cancer cells. Other potential applications of PAFC in vivo include molecular imaging and PA spectroscopy of single cells, 5, 6 measurements of flow velocity, and supersensitive detection of individual cell response to lowdose radiation. 4 This method could also be used to integrate noninvasive PA diagnostics with PT therapy of cancer cells: using PA triggering of therapeutic laser pulses to selectively kill only rare metastatic cancer cells labeled with nanorods without harming normal blood cells (because the difference in the photodamage threshold of these cells is more than two orders of magnitude in the near-IR range). 6 PAFC could also be used for fundamental studies of blood oxygenation and aggregation at the single-cell level. 6 This technique has great potential for use in humans, particularly for noninvasive monitoring of circulating cells in different vessels (e.g., in the retina, fingernails, or ears), or with a fiber chip-based catheter in vessels. 
